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SUMMARY

Investligations were made In order to determine the hydrodynamlc
characteristicg of two asrodynamically refined planing-~tall hulls. One
hull had an afterbody that was a tapered boom and the othsr had two
afterbodies conslsting of tapered booms falring out of the engins
nacelles. Over a wlde range of center—of—gravity locatlon, both models
had a large range of elevator deflection for stable teke—offs. The
lower trim limit of stability peak was high for both configurations but
trims obtaineble were great enough to permlt operation above the lower
trim 1limit. No upper—limit porpoising was encountered with either
configuration. Stable landings could be mede over a wlde range of trim
and locatlon of the certer of gravity, provided the vertical chine strips
were not extended to the polnt of the step. Extension of the vertical
chine strips to the polnt of the step resulted 1n unstable landlngs. The
relatively high trims and the vertlical chlne strips were effectlve in
reducing the propeller spray. The hump load—resistence ratios for the
asrodynamically refined hulls were low (2.9 to 3.6). Directional insta—
bility was noticed over a short range of speed with the single—boom
configuration. The twin booms provide = substantlial amount of transverse
righting momsnt.

IRTRODUCTIOR

In order to obtaln flying—boat forms that will permit increased range
and speed over those 1n present—day use, several refinements of the planing—
tall type of hull have been investigated in the Lengley 300 MFH 7— by 10—foot
tunnel and in Langley tank no. 2. The air drag of the planing—tall flying-
boat hull employing a deep step and full-step falring has been shown in
reference 1 to be conslderably less than that of a comparsble conventional—
type hull. In reference 2, the hydrodymemic characteristlcs of this
planing-tail-hull configuration were shown to be an Improvement over those
of a conventional hull. The serodynamic characteristics of several modi—
flcations of the planing—tall type of hull embodying an alrfoil—section
forebody plan form and slender "boom like™ afterbodies have been reported
in reference 3. This asrodynsmic reflnement resulied In a decrease in hull
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volume and a substantial decrease in ths aerodynamlc drag below that of

the hulls reported Iin reference 1. The two configurations, which had lower
drag than the others, were a configuration with an “afterbody™ that was
gimply a tapered boom of circular cross section (see f£ig. 1{a)) and a
configuration that had two "afterbodies™ consisting of tapered booms fairing
out of the engine nacelles (see fig. 1(b)).

The results of the hydrodynamic Investligatlion of these two configu—
rations conducted in Langley tank no. 2 are given 1n the present paper.
Bacause of the large portion of the total volume forward of the center of
gravity, the problem of alrplane balance mey limit the applica'bion of thege
hulle to gpecial—purpose, high-performance alrplanes.

There wae sgome doubt that a small conical boom would be a hydrody—
namically adegihate substitute for an afterbody, although tests of refer—
ence 4 had indicated that a small cylindrical boom might be sufficilent,
Consequently, there was included in the wind—tunnel investigation a
hull in which a small tail float was faired Into the end of the tall
boom (see fig. 1(c)). Exploratory tank tests were made with the tail
float on the single—bodm confilguration but these tests showed that the
tall float actually impalred take—off performance and tank tests were
discontinued in favor of the simpler hulls having lower drag.

SYMBOLS
CAO gross load coefficlent (A()/w'b:i)
Ca load coefficient (ﬁ)/(:b3)
Cy speed coefficlent (V//gb)
Cr resistance coefficlent QR/fb:s)
A/R . load~resistance ratio : -
AO gross load on water, pounds !
L load on water, pounds
R resistance, pounds
v gpeed, feet per gecond
T trim, measured between forebody keel and horizontal, degrees
g' acceleration of gravity, feet per second per secand

!
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b maximm beam of hull (6.43 £t, full sizs)

W specific welght of weter (63.0 1lb/cu £t in these tests)

Ql

mean sercdynamic chord
DESCRIPFTION OF MODELS

The model having an afterbody consisting of a single boom was demig—
nated Langley tank model 237—7B. FPhotographs of this model are shown in
figures 2(a) and 2(b). The general arrangement smd hull lines are shown
in figures 3 and k&, respectively. The model with the twin booms was
deslgnated Langley tank model 237—7TB. Photographs of this model sre
shown in figures 5(a) and 5(b). Genersl arrangement and hull lines are
shown in figures 6 and T, respectively. Offgets for both confilgurations
are glven 1n reference 3.

The forebody plan form was a modified l6-series symmetrical eirfoil
sectlon with length-beam ratio of T.0. The upper portion of the hull as
used in the wind tunnel was not reproduced. In order to provide sdequate
spray control, chine strips of 0.05b depth were used on both configurstions.
On the single—boam configuration, the chine strips extended from 0.5b aft of
the nose to the point of the step where they were faired to zero depth. The
chine strips on the twin—boom conflguration extended from 0.5b aft of the
nose to l.45b Porward of the point of the step. The booms of either con—
figuretion were simple comes of circular cross sectlon. The twin—boom
configuration had two conlcal booms, one Ffaired out of esch englne nacelle.
The nacelles of this configuratlon were moved outbosrd to reduce the inter—
fTerence between the forebody wake and the booms. Botk configurations had
slightly shorter booms than those tested in the wind tumnel, but it is
belleved this difference would have no apprecisble effect on the asrody—
namic characteristics.

These models were ilg—size powered dynamic models of a hypothetical
£1ying boat of 65,000 pounds gross losd (Ca, = 3.87). The wing and

power used for both configurations corresponded to those of the Boeing XPBB-1
which resulted in a wing loading of 35.6 pounds per square foot and a power
loading of 1%.8 pounds per breke horsepower for the hypothetical design.

The wing wes located as shown in figures 3 and 6. The wing incildence rela—
tive to the base line was 4°. The tail surfaces of the single—boom configu—

retion were those of the Boelng XPBB—-1 to I]=6- scale. The area of the hori-—

zontal tall surfaces of the twin—boom conflguration was the same as that of
the single boom, but the shape and arrangement were altered to facllitate
mounting between the vertical fins. The total area of the vertical fins
was approximately 1.75 times that used on the single—boom model.
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PROCEDURE
Take—off Stablility

The center—of—gravity limits of stablililty were determined by making
accelersted runs at a constant acceleration of one foot per second per
second to take—off, with fixed elevators and full power. A sufficient
nunmber of center—of-gravity locatlons and elevator settings were tested
Yo deflne the stability limits. A center—of-—gravity 1imit of stability
is defined es that condition at which the amplitude of trim oscillation
reaches & valus of 2° or the trims at high speeds become less than 2°.
Trims of less than 2° at high speeds were consldered to be unsafe for
practical operatlion. The variation of trim with speed was also observed
during these runs. To find the trim 1imits of stabllity, the towing
carrisge was held at copnstant speeds, while the model trim was slowly
Increased or decreased untll the porpoising limit was crossed.

Landing Stability

Prior to landing, the model wes trimmed in the alr to the desired
contact trim with the carrisge held et a constant speed slightly greater
than the model flying speed. The carrlage was then decelerated at a con—
gtant rate of three feet per second per second allowing the model to
glide onto the water with fixed elevators in simlatilon of an actusl
landing. The descent to the water from flight was made from a height
of 0.3b above the water. This procedure was used to hold the sinking
speeds to reasonsble values (approx. 300 f£t/min full size). After the
first contact the rise restriction was removed. Landings were made
with the center of gravity located at 0.208, 0.303, and 0.403, using
one—quarter statlc thrust.

Spray

The range of speeds over which spray was in the propellers was
defined for a series of gross loads. (BSee reference 5.) The model was
free to trim about 'bhe 0.308 location of the center of gravity with the
elevators fixed at 0°. Constant—speed runs were made st full power
starting with & light load on the weter and increasing the load until
apray entered the propellers.

Resistance
The resisiance characteristice were obtalned with the wing and tail
surfaces removed. The tall booms of both configurations were supported by

auxililary means. A 1lift curve was determined from the varlatlon in take—
off speed with trim observed In the tmke-off stability tests. The load on

(]
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the water corresponding to this curve was applied by dead weights. The
range of trim tested at any speed was selected from the stability tests
as belng the range of stable trim obtainable at that speed by the use of
the elevators. The resistance selected at each speed was the lowest
resistance obtained at that speed. The trims at high speed were arbi~
trarily limited to 12°.

Statlc Transverse Stability

The static trensverse stablllity was determined by Inclining the model
with the wing removed. The model was balanced at its normal gross load
with weights located on the center line at the 0.30& location of the center
of gravity and then moved outboard to apply an upsetting moment. The
resultant angle of heel was measured as the angle between the plsne of
symmetry and the vertical.

RESULTS AND DISCUSSIOR

The exploratory tests made with a tall float (see Tig. 1(c)) indicated
that such a configuration operated In a range of trim which was lower than
that obtalned with the boom alone. Near the take—off speed the model
trimmed up suddenly resulting In premature take—offs. Because the tall
float was apparently clear at the start of the motion, this trimming up
was thought to be the result of nsgative alr pressures actlng on the float
bottom as it operated 1n the trough of water formed in the forebody wake.
This hydrodynamic feature, coupled with the Increase In sir drag dus to the
float, caused interest to be centered on the hull with the boom alone.

Take--Off Stabllity end Trim

The center—of—greavity limits of stabllity for the two models are given
In figure 8 as a plot of elevator deflsctions ageinst center—of—gravity
locations. The range of flxed elevator deflection for stable take—offs was
large for both confligurations. For the single—boom conflguration, this
range Increased from 15° at 0.20¢ to 30° at 0.40E. The range of fixed ele—
vator deflsction for the twin-boom configuration was about 25° at 0.208 and
40° at 0.403. At the maximm Fixed elevator deflection of —30° take—offs
of both .configuratlons were stable.

The region of lower—liimit porpolsing encountered wlth the lower ele—
vator deflections 1s shown In figure 9 where the trim limits of stability
for the two models ars plotted agalnst speed coefficlent. The lower trim
limits were the same for both configurstions wlth the exception of a alight
difference 1n the minimm speed at which lower—limit porpolsing was flrst
encountered. The meximm trim at which lower—limit porpolsing appeared was
high for both configurations. No upper—limit porpolsing was encountered
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with elther conflguration., Thls absence of upper—limiit porpoising ensabled
stable teke—offe to be made with full elevator deflection (-—300) as shown
in figure 8. The high peak trims and the sbsence of upper—limit porpoising

were mrobably both due to the high sternpost angles (15%0).

In figure 10, typical plots of varilatlion In trim of the two config-—
urations at fixed elevator deflections ere plotted agalnast speed coefficlent
for the three locatlions of the center of gravity investigated. Typical
photographs are shown in figures 11 and 12. The statlic trims of both con—
figurations were high (approx. 10°). The trim of the single—boom
configuration increased untll a speed coeffliclent of approximately 2.5 was
reached. From this speed, untll a speed coefficient of approx:!_.mate_]g 5.0,
the trim remsined falrly constant at large elevator deflections (—15
to —30°). This flattening of the trim track was the result of the powerful
forebody roach which rose almost vertically and impinged on the boom in
this speed range. The twin-boom conflguration had higher hump trims since
the forebody roach did not strlke the booms. With both models, trims obtaln—
able with a wlde range of elevator deflectlion were high enough to permit
operetion sbove the lower trim limilt of stability and no upper-limit por—
poleing wes encountered.

The stability and trim characteristlics of the two configuratlons differ
chiefly in thelr range of elevator deflection for stable take—offs and the
operating trims for glven elevator deflections. These differences 1in
stabllity and trim characteriastics for the two models may be attributed
primarily to differences In the tall surfaces, differences in the chine
strips, and the change In position of booms relatlive to the roach behind
the forebody. OFf these three changes, the last congtltutes the only 41f-—
ference that is Inherent in the chenge from single—boom to twin—boom con—
figuration. The significant conclusion appeasrs to be that both the single—
boom and twin—boom conflgurations oan be designed to have a large range of
fixed elevator deflection for stable take—offas over a wlide range of locatlion
of the center of gravity.

Landing Stabllity

The maximum amplitudes of oscillatlon in trim and rise during landling
of the twin—boom configuration are shown in figure 13. ILandings were stable
at all contact trime and positlons oft the center of gravity.

The maximm amplitudes of oscillation in trim #nd rise during landings
of the single-boom configuration are shown in figure 1k4. At forward
posltions of the center of gravity, violent lower--limit porpoising occurred
during the landing runout for all landing trims. At after positions of the
center of gravity lower—limit porpoising occwrred st landing trims below T°.
This instabllity could not be assoclated with the boom lnasmuch as this
portion of the hull was genereslly cleaxr of the water when porpoising
occurred. The presence of the vertical chine strips near the point of the
step appeared to introduce en undesirable bow—down hydrodynemic moment which
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resulted in low trims. Extending the chline strips aft on the twin—boom
conflguration caused similear landing behsvior for thls model.

Satlsfactory landling stebility, therefore, can be sttained with
elther configuration. To avold instebility during the landing runout,
however, vertical chine strips nser the point of the step should be avoided.

Srray

The range of speed over which spray sntered the propellers is plotted
against gross load coefficlent in figure 15 for both configurations. A4t
the gross loed used for the stability tests (65,000 1b, full size,

CAD of 3.8"{) » the propellers of the twin—boom configuratlion operated in

spray over e shorter speed—coefficient range (Cy = 2.0 to 2.6) than did
those of the single—boom configuration (Cy = l.h to 3.8) es a result of

the higher trims and greater nacelle gpacing of the twin-boom model. For
both models the chine strlps produced & confused pattern of light spray
which tended to become more Intense as load was increesed beyond the load
at which sprsy first entered the propeliers. At the gross load used for
stability tests the propeller spray of both models was satisfactory.
Figures 11(p), 11(c), and 12(a) are photographs of the models operating
in the spray region at normal gross load of 65,000 pounds, full size.

At high trims, through a speed range from approximately Cy = 6 to

take—off, transverse spray from the forebody, aft of the vertical chine
strips, wetted the under surface of the wing and the booms of the
twin—boom configuratlon.

Rosistance

Resistance coefficient, load~resistance ratlo, trim, and load
coefficlent at best trim (with 12° considered the maximum ussble trim
et high speed) are plotted agalnst speed coefficilent in figure 16.

The hump A/R values of 3.6 for the single—boom and 2.9 for the twin—
boom are congliderably less than those obtained in well—designed
conventional hulls but are of the sesme order as those of single—Ffloet
seaplanes. Actually a lower power loading than was used 1n the powered
model tests would be needed in order to take off without agsistance; a
high-speed alrplane would have such a low power losding. High hump
trims and, therefore, high hump resistance were natural results of
placing small booms high with respect to the forebody.

The twin—boom model appeared to have lnherently higher resistance than
the single-boom model over most of the speed range. At the hump speed the
single boom rode on the roach behlind the forebody. Thse resultant dscrease
in trim tended to lower resistance. At high speed, the differences I1n the
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resistance of the two models mey be attributed to three factors: first,
the difference 1n alr drag as a result of the methods used to commect the
hydrodynemic components; second, the differences In the vertical chine
strip configuration; and third, the differences I1n spray on the tail booms.
It 1s difficult to find s practical location for the twin booms that would
permit them to be clear of spray at high speeds.

Directional Stability

Ro gquantitative study wes made of directionel stability. The models,
however, were attached to a tubular staff which was slightly flexlble
torsionally and a decided tendency to yaw was noticed at a speed coefficlent
of about 4.0 on the single—boom model. This tendency occurred over a speed—
coefficlent range of less than 0.3. In thils reglion the peak of the roach
from the forebody was in contact wlth the end of the boom. The twin—boom
configuration showed no tendency to yaw since the forebody roach did not
gtrike the tall booms.. ’

Btatic Transverse Stablility

The transverse righting moment of the twin—boom configuration (full
size) without tip floate is plotted agalnst angle of heel in Ffigure 17.
The righting moment required for this hull as determined by the U. S. Navy
specification SR-59C (reference 6) at an assumed angle of heel of 6° (con—
gidered to be representative of the angles for submergence of wing—tip
floats) is alsc shown. The twin booms provided a substantial amount of the
transverse righting moment required.

CONCIL.USIORS

The results of the tests to determine the hydrodynamic character—
istics of aerodynamically refined planing-tail seaplane hulls, having slender
boom~like afterbodles, indicate the followlng conclusions:

1. Both the single—boom and twin—boom configurations had a large range
of Pixed elevator deflection for stable take—offs over a wlde range of
location of the center of gravity.

2. The peaks of the lower trim limits of stability were high (11.3°
for the single—boom configuration and 11° for the twin—boom configuration).
However, trims obtalnable were great enough to permit operating above the
lower tyim limits and no upper trim limits of stability were found.

3. Adequate landing stability can be obtalned over a wide range orf
contact trim and center—of—gravity posltion provided the vertical chins

Ly S
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strips are not extended to the point of the step. Extension of the
vertical chine strips to the polnt of the step resulted in unstable
landings.

L. The vertical chine strips and the relatively high operating trims
resulted in light propeller spray.

5. The hump load-rsslstance ratios for both configurations (3.6 for
the single—boom model and 2.9 fo:'r the twin—boom model) were lower than
those for conventlonal hulls,

6. Directional instability wes noticed over a short speed range With
ths single-boom configurstlon. ‘

7. The twin booms provide a substantlal emount of transverse righting
moment.

Langley Aeronauticel Iaboratory
National Advisory Committee for Asronautics
Langley Alr Force Base, Va.
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(a) With single boom. (Iangley tank model 237-7B.)

Figure l.— Wind—%l models,
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(b) With twin booms, (Langley tank model. 237-TTB,)

Figure 1,— Conbinued.
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(¢) With single boom end tail flomt, (Iangley tank model 237-7F1.)

Figure 1.~ Concluded.
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(a) Profile view,

Figure 2.— Model with single boam. Iangley tank model 237~TB.
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(p) Bottom view.

Figure 2.~ Concluded,
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Figure 4t,— Hull lines of model 237—7B.



(a) Three—quarter bottom view,

Figure 5.~ Model with twin booms, Iangley tank model 237-TIB.
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(b) Bottom view.

Figure 5.,— Concluded.
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(¢} Gy= 2.62; trim = 12.49, (d) Cym=8.%; trim = 2,90;
{porpoising),

Flgure 11.— Photographa of single-boom configuration belng tegted. Full
pover; grose load coefficient, 3.87.
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(e) G = 6.26; trim = 13.6°. () Cy = 8.%5; trim = 7.1°,

Figure 12.- Fhotographs of twin-boom configuration belng tested. Full
power; gross load coefficlent, 3.87.
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Figure 13.~ Landing stabllity of twin-boom model.
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